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APPENDIX H4: AIRCRAFT NOISE ESTIMATES 
This appendix provides a summary of expected 1-second maximum noise levels during 
flyover events by different types of aircraft and helicopters. The tabular data summary 
complements the flyover event noise level chart presented in the text of the EIS. In addition, 
this appendix presents the letter reports prepared by the Army summarizing noise data 
collected during evaluation of the Shadow 200 UAV.  

The detailed spreadsheets documenting the noise calculations generally do not lend 
themselves to hard copy printing. Electronic versions of the spreadsheets can be made 
available on request.  



ESTIMATED 1-SECOND Lmax NOISE LEVELS FOR AIRCRAFT AND HELICOPTER FLYOVER EVENTS

SLANT
DISTANCE, OH-58D UH-60 CH-47D CH-53D CH-53E AH-1G AH-1W C-130 C-17 SHADOW

FEET 100 KNOTS 100 KNOTS 100 KNOTS 100 KNOTS 100 KNOTS 100 KNOTS 100 KNOTS 180 KNOTS 230 KNOTS UAV

50 97.2 98.8 104.3 105.0 106.7 103.2 106.2 105.9 110.0 102.2
100 91.0 92.7 98.2 98.9 100.6 97.0 100.0 99.5 103.4 96.0
125 88.9 90.7 96.2 96.9 98.6 94.9 97.9 97.4 101.3 94.1
160 86.9 88.7 94.1 94.8 96.5 92.9 95.9 95.2 99.1 91.9
200 84.8 86.6 92.1 92.8 94.5 90.8 93.8 93.1 96.8 89.9
250 82.7 84.5 90.1 90.7 92.4 88.8 91.8 90.9 94.5 87.9
315 80.6 82.4 88.0 88.7 90.4 86.7 89.7 88.7 92.1 85.8
400 78.5 80.3 86.0 86.6 88.3 84.6 87.6 86.4 89.6 83.5
500 76.3 78.2 83.9 84.4 86.1 82.5 85.5 84.0 87.0 81.4
630 74.1 76.0 81.8 82.3 84.0 80.4 83.4 81.7 84.3 79.2
800 71.9 73.8 79.8 80.1 81.8 78.2 81.2 79.2 81.4 76.9

1,000 69.6 71.5 77.6 77.9 79.6 76.0 79.0 76.7 78.4 74.6
1,250 67.3 69.2 75.5 75.6 77.3 73.8 76.8 74.2 75.2 72.3
1,600 64.9 66.8 73.3 73.3 75.0 71.5 74.5 71.5 71.9 69.5
2,000 62.5 64.4 71.1 70.9 72.6 69.1 72.1 68.9 68.4 66.9
2,500 59.9 61.9 68.8 68.5 70.2 66.7 69.7 66.1 64.8 64.2
3,150 57.3 59.2 66.5 65.9 67.6 64.1 67.1 63.4 61.2 61.1
4,000 54.7 56.5 64.1 63.3 65.0 61.5 64.5 60.6 57.6 57.6
5,000 51.9 53.6 61.7 60.5 62.2 58.7 61.7 57.8 54.0 54.0
6,300 49.0 50.5 59.1 57.6 59.3 55.8 58.8 54.9 50.4 49.8
8,000 46.0 47.3 56.5 54.6 56.3 52.8 55.8 51.9 46.8 44.9

10,000 42.9 43.9 53.7 51.4 53.1 49.6 52.6 48.9 43.1 39.6
12,500 39.6 40.3 50.8 48.0 49.7 46.2 49.2 45.7 39.4 33.5
16,000 36.2 36.5 47.7 44.4 46.1 42.6 45.6 42.5 35.6 25.5
20,000 32.7 32.4 44.4 40.5 42.2 38.9 41.9 39.0 31.7 16.8
25,000 29.0 28.0 40.9 36.3 38.0 34.9 37.9 35.3 27.7 6.5

Notes:
The U.S. Air Force OMEGA10R noise model estimates SEL and Lpk noise levels for aircraft flyover events, but a 1-second Lmax 
noise level is more representative of how people hear peak flyover event noise levels.
SEL and Lpk data from the OMEGA10R model were converted to estimated 1-second Lmax values by simulating the time history of 
the flyover event using the SEL data for the reference distance of 315 feet as a control value. 
The flyover simulation model divides the flyover event into 25 time intervals, with the duration of each inteval dependent on aircraft flight 
speed and the assumed length of the audible flight track (2 nautical miles for both approach and departure segments).
The relatively low flight speed of helicopters required an adjustment to the maximum interval Leq value in order to estimate 1-second 
Lmax noise levels from the 5.3-second interval Leq values.
For helicopters, the simulated maximum interval Leq value from the time history simulation was increased by 3.5 dBA when the 
difference between the maximum simulated noise level and the OMEGA10R instantaneous Lpk value exceeded 5 dBA.
For fixed wing aircraft, no adjustments were made to the simulated maximum noise level at 315 feet since simulated interval durations 
were between 2 and 3 seconds.
Estimated Lmax values for distances other than 315 feet were scaled from the distance profile of Lpk values generated by the 
OMEGA10R model.
Estimated Lmax values for 50 feet based on drop-off rate for the 100 to 200 foot distance range.
Noise levels for the twin engine CH-53D helicopter estimated as 1.76 dBA lower than the data available for the three engine CH-53E model.
Noise levels for the twin engine AH-1W helicopter estimated as 3 dBA higher than the data available for the single engine AH-1G model.
The estimated Lmax values for the UAV were derived using a distance attenuation model applied to reported Lmax data for the 
UAV engine at a high power setting.

Source:  Tetra Tech analyses.

ESTIMATED MAXIMUM 1-SECOND AVERAGE FLYOVER EVENT NOISE LEVEL (dBA)



Sound Level Measurements on the Shadow Tactical Unmanned Aerial Vehicle:  Fort Huachuca, AZ 
(provided via e-mail from Roger K. Baker, UAVS Project Office, Redstone Arsenal, to John Gallup) 
 
 
1. The measurements were taken on 10 Jan 01, during the approximate time period of 1615 hours until 
1730 hours. The test was conducted at Rugge Hamilton Airfield at Fort Huachuca, AZ. The temperature 
during this time period varied from 51 degrees F and 54 degrees F. The relative humidity varied from 49 
to 53 percent. The average wind speed during this time period varied from 6 to 9 miles per hour, with 
gusts of up to 12 miles per hour. 
 
2. The sound level measurements were obtained with a Bruel and Kjaer type 2209 sound level meter with 
a type 1613 octave filter set, which were calibrated on 22 Jun 00. 
 
3. The sound level measurements obtained were the following: 
 
a. The distance from the TUAV to the location where the sound level was 85 dB(A), 103 dB(A), and 108 
dB(A), at 90 degree increments from the direction in which the TUAV was pointed. The location at which 
these sound levels occurred was determined with the TUAV engine at low RPM and also at high RPM. 
Due to the limited amount of test time allotted for this test (one hour and fifteeen minutes), the sound 
measurements were made at 90 degree increments around the TUAV, rather than the desired 45 degree 
increments. The sound level measurements were taken on a paved, level airstrip and the plane was 
repositioned at 90 degree increments in order to achieve the correct orientation between the TUAV and 
the sound measurement location. 
 
b. At the operator position at a distance of 100 feet to the side of the TUAV (the operator controls are on a 
100 foot cable), with the TUAV engine at low RPM, the decibel levels were measured at each of the 
octave freqency bands by use of the octave filter set on the sound level meter. 
 
4. The following are the distances from the Shadow TUAV to the 85 dB(A) levels when the TUAV 
engine is at low RPMs. 
 
Distance from nose of TUAV  62 ft 5 in 
Distance from right wing of TUAV  64 ft 9 in 
Distance from tail of TUAV  44 ft 8 in 
Distance from left wing of TUAV  76 ft 9 in 
 
5. The following are the distances from the Shadow TUAV to the 103 dB(A) levels when the TUAV 
engine is at low RPMs. 
 
Distance from the nose of TUAV  5 ft 
Distance from right wing of TUAV  11 ft 3 in 
Distance from tail of TUAV  9 ft 4 in 
Distance from left wing of TUAV  11 ft 3 in 
 
6. The following are the distances from the Shadow TUAV to the 108 dB(A) levels when the TUAV 
engine is at low RPMs. 
 

Distance from right wing of TUAV   8 ft 
Distance from left wing of TUAV   7 ft 6 in 



In the direction of the TUAV nose and tail, the location of the 108 dB(A) level is on top of the 
TUAV when the engine is at low RPM. 
 
7. The following are the distances from the Shadow TUAV to the 85 dB(A) levels when the TUAV 
engine is at high RPMs. 
 

Distance from nose of TUAV  276 ft 
Distance from right wing of TUAV  338 ft 
Distance from tail of TUAV  75 ft 2 in 
Distance from left wing of TUAV  346 ft 

 
8. The following are the distances from the Shadow TUAV to the 103 dB(A) levels when the TUAV 
engine is at high RPMs. 
 

Distance from nose of TUAV   53 ft 
Distance from right wing of TUAV  64 ft 6 in 
Distance from tail. of TUAV   45 ft 3 in 
Distance from left wing of TUAV  62 ft 2 in 

 
9. The following are the distances from the Shadow TUAV to the 108 dB(A) levels when the TUAV 
engine is at high RPMs. 
 

Distance from nose of TUAV   31 ft 7 in 
Distance from right wing of TUAV  42 ft 8 in 
Distance from tail of TUAV  23 ft 9 in 
Distance from left wing of TUAV   37 ft 9 in 

 
10. At the operator position, which is 100 feet to the side of the Shadow TUAV, the following are the 
dB levels measured at the octave frequency bands when the TUAV engine is at low RPMs. Also 
included is the linear (unweighted) dB level at this location under the same conditions. Most of the 
time that the Shadow TUAV operator is performing operations, the TUAV engine is at low RPMs. 
 
31.5 hz  77 dB 
63 hz  73 dB 
125 hz  78 dB 
250 hz  85 dB 
500 hz  84 dB 
1000 hz  75 dB 
2000 hz  68 dB 
4000 hz  70 dB 
8000 hz  72 dB 
16,000 hz  65 dB 
31,500 hz  52 dB 
Linear dB 89 dB 
 



Sound Level Measurements on the Shadow Tactical Unmanned Aerial Vehicle:  
White Sands Missile Range, NM 
(provided via e-mail from Roger K. Baker, UAVS Project Office, Redstone Arsenal, to 
John Gallup) 
 
 
1.  Objective 
 
To assess the noise levels from the Shadow TUAV engine and the Ground Control 
Station (GCS) generator. 
 
2.  Criteria 
 
For steady state noise levels, the hearing protection requirements are established through 
the Health Hazard Assessment process.  The following guidelines should be used for 
steady state noise levels: 
 
    a.  Greater than or equal to 85 dB(A), but less than or equal to 103 dB(A), personnel 
must wear single protection. 
 
    b.  Greater than 103 dB(A), but less than or equal to 108 dB(A), personnel must wear 
earplugs and noise muffs or noise attenuating helmets in combination (that is, double 
hearing protection).  Exception:  If the operation requires the Kevlar infantryman’s 
helmet and compatible noise muffs are not available, personnel must wear earplugs and 
comply with the time limits for daily noise exposure in table 6-2 
 
    c.  Greater than 108 dB(A), but less than or equal to 129 dB(A), personnel must wear 
double hearing protection and comply with the time limits on daily exposure in table 6-3.  
(Table 6-3 states that for dB(A) of 114 the time limit is 2 hours per day, for dB(A) of 117 
the time limit is 1 hour per day, and for dB(A) of 120 the time limit is 30 minutes per 
day.) 
 
    d.  Greater than 129 dB(A), TSG must approve exposure.  (Department of the Army 
Pamphlet 40-501, para 6-2b. 
 
 
3.  Test Procedures 
 
    a.  For the sound levels on the Shadow TUAV engine, measurements were taken on 20 
August 2001 from 1120 until 1150 hours.  The test was conducted at the helipad behind 
the Cox Range Control Building at White Sands Missile Range, NM.  The temperature 
during this time was approximately 90 degrees F.  The relative humidity was 28%.  The 
wind direction was 150 degrees at 6.6 knots with a maximum of 14.8 knots.   
 
    b.  For the sound levels on the GCS generators (an Isuzu 10 KVA model 3LD1 and a 
Honda 2.5 KVA model CB 2500x) and on the inside of the GCS, measurements were 



taken on 10 October 2001 from 1030 to 1100 hours.  The test was conducted at the 
helipad behind the Cox Range Control Building at White Sands Missile Range NM.  The 
temperature during this time was approximately 71 degrees F.  The relative humidity was 
32%.  The wind direction was 074 degrees at 4 – 7 knots. 
 
    c.  The sound measurements were taken with a Simpson type 884-2 sound level meter 
which was calibrated on 4 Apr 01. 
 
 
4.  Test Findings 
 
    a.  The sound level measurements obtained from the Shadow engine were the 
following: 

 
        1. The distance from the TUAV to the location where the sound level was 85 dB(A), 
103 dB (A), and 108 dB(A), at 45-degree increments from the direction in which the 
TUAV was pointed.  The location at which these sound levels occurred was determined 
with the TUAV engine at 6600 RPM.  The tests were conducted on a dirt field with 
natural desert vegetation.  There was one 380 HMMWV directly to the right of the 
Shadow.  The distance from the Shadow to the HMMWV was approximately 64’ (to the 
door of the vehicle).  This is the deployment configuration of the Shadow.  

 
 
 

 

Direction 
Distance to 108 
dB(A) 

Distance to 103 
dB(A) 

Distance to 85 
dB(A) 

South (Nose) 12' 5" 22' 106' 10" 
 
Southwest (45 degrees between 
right wing and nose) 16' 5" 23' 5" 123' 6" 

West (right wing) 25' 10" 40' 4" 163' 10" 
 
Northwest (45 degrees between 
right wing and tail) 5' 10" 10' 10" 197' 5" 

North (tail) inside box 6' 2" 84' 6" 
 
Northeast (45 degrees between tail 
and left wing) 27' 6" 41' 204' 2" 

East ( left wing) 21' 5" 36' 11" 174' 6" 
 
Southeast (45 degrees between 
left wing and nose) 17' 7" 26' 9" 139' 10" 

 



 
 
 
 
        2.  Measurements were also taken from the start up position of the crew chiefs and 
the operator position which is 75 feet from the side of the TUAV.  The operator controls 
are on a 75-foot cable.  The following are the measurements taken from the crew chiefs 
and operators positions. 

 
Left crew chief       120 dB(A)  
Right crew chief          116 dB(A) 
Operator   94 dB(A) 

 
 
 
    b.  The sound level measurements at crewman occupied locations inside the GCS with 
the Isuzu generator on and all fans on were 75 dB(A), with the door open or shut.  The 
sound level measurements were obtained at the ear level height of seated and standing 
crewmen. 
. 
    c.  The sound level measurements of the Isuzu generator taken in three places instead 
of the usual eight.  The generator is in a tunnel between the back of the vehicle cab and 
the front of the shelter on the curbside and the three places were at 45-degree increments 
to the right of the generator.  Three feet to the right front of the generator the sound 
measurement was 85 dB(A).  Five feet directly in front of the generator on the curbside 
of the vehicle the sound measurement was 85 dB(A).  Two feet two inches to the right 
rear of the generator the sound measurement was 85 dB(A). 
 
    d.  The sound level measurements of the Honda generator were taken by a person 
standing next to the generator, holding the sound level meter at approximately ear level.  
The sound levels were 75 dB(A) in any position. 
 
5.  Technical Analysis 
 
According to the criteria guidelines, the following level of hearing protection is required: 
 
      a.  No hearing protection is required inside the GCS or around the Honda generator. 
 
      b.  Single ear protection would be required of the operator and also within five feet of 
the Isuzu generator.   
 
      c.  The Right crew chief would be limited to one hour with double hearing protection.  
 
      d.  The left crew chief would be limited to 30 minutes with double hearing protection. 
 



e. Personnel within twenty eight feet of the TUAV would require double hearing 
protection and would have to limit the time spent within that circle in accordance 
with table 6-3 of DA PAM 40-501.  Personnel within forty-one feet but no closer 
than twenty-eight feet would require double hearing protection.  Personnel within 
two hundred and four feet but no closer than forty-one feet would require single 
hearing protection.  
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